Transparent relaxor ferroelectric ceramics of the system lanthanum modified lead magnesium niobate have been investigated for a variety of electro-optic properties that could make these materials alternatives to (Pb,La)(Zr,Ti)O 3 . However, a study that relates the to properties in function stoichiometric formula, has not been analyzed heretofore. Therefore, in this work the effect of A-site substitution of La 3+ in the characterization microstructural, structural, optical and electro-optical on
Introduction
Lead magnesium niobato   1 3 2 3 3 Pb Mg Nb O (PMN), as one of the most widely investigated relaxor ferroelectric with a perovskites structure, was first synthesized in the late 1950s [1] . Initially, PMN was prepared by the conventional mixed oxide method, where pyrochlore phase was inevitably produced. In order to synthesize stoichiometric perovskite PMN ceramics, Swartz and Shrout [2] proposed a columbite precursor method, where the intermediate reaction of the formation of pyrochlore phase was bypassed, which results in the stabilization of perovskites structure as compared to the mixed oxide method. Recently, a novel methodology was devised to stabilize perovskites structure by adding stable normal PbTiO 3 (PT). The formation of the solid solution increases the tolerance factor and electronegativity difference, leading to the stabilization of the perovskites structure and the enhancement of dielectric property of the relaxor ferroelectric [3] .
A study of the optical, electrical and electro-optical properties of PMN-PT ceramics in function of the stoichiometrie is of interest both for possible insight into the physical nature of relaxor ferroelectrics as well as for making practical extension of its several present applications to include usage in electro-optical devices. Present applications take advantages of PMN-PT singularly excellent dielectric, low thermal expansion, and high electrostrictive properties [4] . From the viewpoint of crystal chemistry, the substitution of Ti 4+ ions for the complex   1 Pb Mg Nb O PbTiO x x   (PMN-PT) system leads to the outstanding properties of the PMN-PT ceramics that exhibit excellent electrical and electro-optical performance, which make them promising applications in multilayer capacitors, piezoelectric transducers and actuators and optical devices [5, 6] . However, perovskite structure are extremely difficult to fabricate reproducibly without the appearance of stable pyrochlore phase, which always exist in the PMN-PT ceramics and significantly deteriorates such properties as the dielectric property [7] .
The optical transmittance as function of wavelength was studied in   1 3 2 3 0.38 3 0.62 single crystal by Wan et al. It was found that the crystal is transparent in the visible region and rolls off in near 450 nm. Using the Senarmont compensador method, the effective electro-optic coefficient r c = 42.8 pm/V was also obtained [8] . Some effect and applications, such as photorefractive, Second-Harmonic Generation (SHG), electro-optic and elasto-optical devices, are based on the large optical property coefficient of the materials [9, 10] . The knowledge of factors that can modify these properties is desirable to find new application of the relaxor and elec-tro-optical materials. In this work, ceramics in the PMN-PT system were prepared by doping with lanthanum. La addition to PMN-PT has been shown to promote densification and through hot uniaxial pressing, optically transparent materials have been achieved, allowing the determination of various optic and electro optic properties [11, 12] .
It is the purpose of this article, to report the microstructural, structural, electrical, optical and electro-optical properties according to the stoichiometric formula of lanthanum doped PLMN-XPT and PMN-XPT:La with 0.11 ≤ x ≤ 0.15.
Experimental Procedure
The powder was synthesized by the columbite or twostage calcining method [2] . The batch formulae were       In the first stage, MgO and Nb 2 O 5 powders were ballmilled and prereacted at 1100˚C for 4 h, in air, to form the columbite phase (MgNb 2 O 6 ). In the second stage, the synthesized MgNb 2 O 6 (MN) was ball-milled in isopropanol, for 24 h, with appropriate amounts of PbO, TiO 2 and La 2 O 3 and heated at 900˚C, for 4 h, in oxygen atmosphere, at a controlled pressure of 200 kPa. The calcined powders were pressed into pellets 10 mm in diameter and 10 mm in thickness with the addition of an appropriate amount of polyvinyl alcohol (PVA) binder. The pellets were sintered in hot uniaxial pressing in O 2 atmosphere followed for 4 h at 1220˚C, and 6 MPa.
The phases and the structural parameters were deter ined by X-ray diffraction (XRD) using a Rigaku diffractometer, with CuKα radiation. The lattice parameters were calculated by least squares from the positions of the diffraction peaks. Apparent densities were determined by the Archimedes method. The microstructural features of the samples were investigated by scanning electron microscopy (SEM), using a Jeol JSM 5800 LV. The grain sizes were calculated from the SEM images of the polished thermally etched surfaces by the linear-intercept method. For dielectric measurement, gold electrodes were deposited on both faces of the disk samples (5 mm diameter and ~1.0 mm thick). The relative permittivity, ɛ was measured by impedance analysis (HP4194A). The transmittance was measured in a spectrophotometer (Micronal-B582), at wavelengths ranging from 200 to 1000 nm for optically polished samples, 600 µm thick. The method used in the electro-optical characterization, determination of the Pockels and Kerr coefficients, is based in the Senarmont configuration illustrated in the Figure 1 [13] . The birefringence medium (sample) is located between two linear polarizer's, P 1 and P 2 , where the P 2 polarizer is known as analyzer, whit polarizer axis forming angles of ±45˚ in relation to principal axis of the sample, this definite by the electric-field direction applied. Between the sample and the analyzer is located a 4  plate used to compensation the effects caused by atural birefringence of the medium. Then the analyzer is positioned in the angle β that optimizes the relation between the birefringence and the applied electric-field. In the Equation (1) is presented the relation between birefringence and electric-field for medium with linear and quadratic electro-optic response.
where the birefringence induced for
Results and Discussion
T and PMN-XPT:La at ∆n is the electric-field E, n is the natural birefringence of the medium, r and R are the Pockels and Kerr electro-optic coefficients, respectively.
The relative density of PLMN-XP different PT concentration are greater than 96% of the theoretical density as can be seen in Figure 2 , which is especially suitable for electronic industry application [14] . The relative density of the two system exhibits the tendency to decrease when PT concentration is increased. This can be attributed the loss of PbO (control atmosphere of PbO was not used in this work) [15] . As well can be seen the relative densities of PLMN-XPT ceramics is greater for all PT concentrations when compared with PMN-XPT:La. This possibly associated with the less occupation of La 3+ in Pb 2+ sites, implying in the appearance of vacancies in the A and B sites in different quantities [16] (La 3+ atoms are lighter than Pb 2+ atoms, and PMN-XPT:La have major number of La atoms). is ass loss induced by evaporation of PbO or to variation of temperature of densification relating to the increase of PT, this changes the grain size, porosity could appear which decreases the relative density of ceramics. However the slight decrease of relative density of PLMN-XPT and PMN-XPT:La ceramics can be attributed to the variation of microstructure and to evaporation of lead at elevated sintering temperatures.
The high densification ramics is further confirmed by SEM observation, which is shown in Figure 3 . All ceramics exhibited similar microstructure as can be seen in the micrograph of polished and thermally attacked surface of PLMN-13PT (shown here).
The ntration is shown in Figure 4 . An increase in PT concentration resulted in a decrease in grain size and a corresponding slight decrease in density [17] . The grain size in PMN-XPT:La is lesser for all concentration when compared to PLMN-XPT because the major quantities of La 3+ resulted in reduction of grain size as observed by Kim et al. in La 3+ doped PMN-PT ceramics [18] . The XRD patterns of sintered ceramics mpositions are presented in Figure 5 , where a complete perovskite structure (JCPDS 391488) is formed and the pyrochlore or other second phases were not detected.
The permittivity (real, ɛ' and imaginary, ɛ") was meased at various temperatures in the frequency range 1 kHz -1MHz. In the Figure 6 can be seen a typical examples of measurements realized in this work. All the samples exhibit typical relaxor behavior [19, 20] , with the magnitude of ɛ' decreasing with increasing frequency, and the maximum permittivity real, ɛ' max shifting to higher temperatures, as shown in the PLMN-12PT ceramics (Figure 6) . The data of all ceramic analyzed in this work can be seen in the Table 1 .
Variations in the shape of ɛ' in fu n be also directly related to the diffuseness coefficient, Table 1 , the value of ɛ' max for PMN-XPT:La 3+ are smaller that PLMN-XPT, inferring that lanthanum additions result in the reduction in ɛ' max , while increasing the degree of ordering, as observed for Kim et al. [18] .
The transmission spectrum as a function of wavelength (200 nm -1100 nm) of PLMN-XPT and PMN-XP lect T:La ceramics with 0.11 ≤ x ≤ 0.15 and 630 µm thickness is presented in Figure 7 . For both of these stoichiometries formula the percentage of transmitted light begins to rise abruptly at just below 380 nm and then increases only gradually with wavelength about 500 nm. This gradual increase in transmittance continues into the near IR at least through 1100 nm without any noticeable absorption band being observed. This is similar to what was observed for most crystals with oxygen-octahedral perovskites structure [22] [23] [24] . From the transmission characterization, we can see that the optical absorption is very small at higher wavelength range. In general, optical transmission relates to reflection loss and scattering loss. Using the refractive indices measured by Mchenry et al. [12] , e by the Fresnel expression, the reflection loss of the light at two surfaces was calculated about 20%. Beyond of reflection loss is observed loss by scattering which can be attributed the dispersion by ferroelectrics domain (spontaneous birefringence), increases in the porosity (by loss of PbO) and precipitation of spurious phases. In general the addition of PT increase the transmittance both the PLMN-XPT and PMN-XPT:La, nevertheless exist a concentration optimal of PT in 14%. As previously mentioned the increase of content of PT promotes the densification of the samples, favoring the transmittance, though the sample with PMN-XPT:La present less transmission in comparison with the PLMN-XPT in function of wavelength. This effect is attributed the replacement of lanthanum ions in the sites of the lead, that increased the number of vacancies reducing the density and consequently affecting the transmittance.
In the Table 2 can be seen the values for the electrooptic Kerr d stoichiometric formula, which were determined under frequency of 200 Hz, at room temperature. The values of electro-optical coefficients here obtained are similar the reported in literature for La doped PMN-PT ce- 
Conclusion
The ceramics obta and homogeneous stoichiometric which were obtained. The La addition to the PLMN-XPT and PMN-XPT:La relaxor ferroelectric system was found to promote densification and inhibit grain growth, however the PMN-XPT:La ceramic to present smaller density in relation to other composition. The transmittance characterization revealed a transmission of about 50% from 0.45 µm to 1.1 µm, presenting a lower transmission in the samples of PMN-XPT:La. The quadratic electro-optic coefficients, calculated from measurements of birefringence in this work to PMN-XPT and PLMN-XPT ceramics are up to two times higher than the maximum reported for PLZT. Thus confirming the potential use of these system as substitutes for PLZT in electro-optical applications.
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